Five strains (CAIM 1831 T , CAIM 1832, CAIM 1833, CAIM 1834 and CAIM 1836) were isolated from cultured sole (Solea senegalensis) in two regions of Spain, two strains (CAIM 404 and CAIM 1294) from wild-caught spotted rose snapper (Lutjanus guttatus) in Mexico, and one strain (CAIM 1835) from corals in Brazil. The 16S rRNA gene sequences of the novel isolates showed similarity to Vibrio ponticus (98.2-98.3 %, GenBank accession no. AJ630103) and to a lesser degree to Vibrio furnissii (97.2-97.3 %, X76336) and to Vibrio fluvialis (96.9-97.1 %, X74703). Multilocus sequence analysis clustered these strains closely together and clearly separated them from phylogenetically related species of the genus Vibrio. Genomic fingerprinting by rep-PCR clustered the novel strains according to their geographical origin. Phenotypic analyses showed a large variation among the new strains, but many tests enabled them to be differentiated from other species of the genus Vibrio. The mean DT m values between the strains analysed here and closely related type strains were above 6.79 6C. The values between the novel isolates were below 2.35 6C, well outside the limit suggested for the delineation of a bacterial species. The phenotypic and genotypic data presented here clearly place these new strains as a coherent group within the genus Vibrio, for which we propose the name Vibrio alfacsensis sp. nov. with CAIM 1831 T (5DSM 24595 T 5S277 T ) as the type strain.
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The culture of aquatic organisms is an important and growing industry that faces many challenges, among which are diseases caused by bacteria. Since many bacteria, and especially vibrios, are part of the normal microbiota of many marine organisms (Gomez-Gil et al., 1998 and some strains are capable of causing disease, it is important to identify the species present in these aquaculture systems. At the time of writing, the family Vibrionaceae comprised 124 species and of these, 87 were assigned to the genus Vibrio. Of these 87 recognized species, the type strains of 53 of them have been isolated from marine organisms (www.vibriobiology.net). In recent years, 12 novel species of the genus Vibrio have been described from marine-related organisms such as clams, corals, seahorses, lobsters, sponges and mangroves. Members of the genus Vibrio are Gram-negative gammaproteobacteria, that are straight or curved rods, are motile, chemo-organotrophic, and facultatively anaerobic. Most are oxidase-positive, sensitive to the vibriostatic agent 0/129 and the growth of most species is stimulated by sodium ions (Farmer et al., 2005) . The aim of this study was to analyse the eight new strains isolated from marine organisms and assign them as a novel species of the genus Vibrio. Database comparisons allowed us to find three more strains that had a 16S rRNA gene sequence similarity higher than 99 %. Two of these strains (CAIM 404 and CAIM 1294) were isolated from wild-caught spotted rose snapper (Lutjanus guttatus) in Mexico in 2004 , the other (CAIM 1835) from corals in Brazil in 2006 (Chimetto et al., 2009) . The strains were deposited at the Collection of Aquatic Important Microorganisms (CAIM, www.ciad.mx/caim) and two strains were also deposited at the German Collection of Microorganisms and Cell Cultures (www.dsmz.de) ( Table 1 ).
The five Spanish strains (Table 1 ) grew as small (1-5 mm), yellow, smooth, umbonate, circular colonies with entire margins on thiosulfate-citrate-bile salts-sucrose (TCBS) agar, while the two Mexican strains and the Brazilian strain grew as small (3-5 mm), green, rough, raised colonies that were circular with undulating margins. In marine agar, all strains were circular translucent colonies. The type strains of closely related species were also included in the analyses; Vibrio orientalis CAIM 332 T , V. brasiliensis CAIM 495
T and V. ponticus CAIM 1731 T .
The phenotypic characterization of all strains was performed as described elsewhere (Macián et al., 2001) and also with API 20E and API ZYM test strips (bioMérieux). The strains were grown in TSA+2.0 % (w/v) NaCl and a suspension was prepared to a bacterial density that equalled a 0.5 MacFarland standard in 2.5 % sterile saline solution (NaCl in distilled water). The type strains of the closely related species were also used for phenotypic characterization when the data in the literature were missing. Tests included the determination of temperature and salinity growth ranges, diverse biochemical responses and the use of 51 substrates as sole carbon and energy sources (Macián et al., 2001) . The optimal salinity was determined in peptone water (1.5 % bactopeptone, 30 u C, pH 7.5), optimum pH was determined in TSB+2.0 % NaCl at 30 u C, and the optimum temperature for growth was determined using TSB+2.0 % NaCl at pH 7.5. All of the tests were run in triplicate and bacterial growth was determined spectrophotometrically at an optical density (OD) of 610 nm. The results of the phenotypic tests are presented in the species description.
The results from several of the phenotypic tests did not differentiate the novel strains from phylogenetically closely related species of the genus Vibrio (Table 2 ) and the results for the novel strains varied in many tests. Antimicrobial susceptibility tests were conducted as previously described (Roque et al., 2001) . The optimal salinity range obtained was between 2.5 and 5.0 % ( Fig. S1 ; available in IJSEM Online) with no significant differences between these values [Kruskal-Wallis H5124.96, 17 degrees of freedom, P,0.001; Student-Newman-Keul (SNK) multiple comparisons P,0.05], but significantly higher than all other tested salinities (0-2.0 % and 5.5-7.0 %). No growth was observed at NaCl concentrations of 8.0 % or higher. Optimal pH was established at a range of 7.0 to 9.0 (Fig. S2 ), significantly higher than at 5.0, 6.0, 6.5 and 10.0 (Kruskal-Wallis H543.040, 7 degrees of freedom, P,0.001; SNK multiple comparisons P,0.05). The optimal temperature was 30-37 u C ( Fig. S3 ), significantly higher than at 8 or 20 u C (Kruskal-Wallis H532.218, 4 degrees of freedom, P,0.001; SNK multiple comparisons P,0.05); no growth was observed at 40 u C.
For analysis of fatty acids, cells of two representative strains of the novel isolates (CAIM 1831 T and CAIM 1835) were grown on marine agar. After incubation for 1 day at 28 u C, whole-cell fatty acid methyl esters were obtained by previously described methods (Kämpfer & Kroppenstedt, 1996) and separated by GC (model 5898A; Hewlett Packard). Peaks were automatically integrated and fatty acid names and percentages were determined using the Microbial Identification standard software package MIDI, Sherlock Version 6.1, calculation method TSBA40 (Sasser, 1990) . The major whole-cell fatty acids for strains CAIM 1831 T and CAIM 1835 were summed feature 3 (including C 16 : 1 v7c and/or C 18 : 1 v7c), hexadecane and tetradecane. The sole hydroxylated fatty acid detected in mentionable amounts was C 12 : 0 3-OH, and the sole branched fatty acid was iso-C 16 : 0 (Table S2) . Given the differences between strains CAIM 1831 T and CAIM 1835, no reliable marker was found that was useful in distinguishing the novel isolates from the closest phylogenetic neighbours. The fatty acid composition was in good agreement with the patterns already described for members of the genus Vibrio (Denner et al., 2002; Rameshkumar et al., 2008) and, in particular, with those described for the related species V. ponticus by Macián et al. (2004) . The sole exception was that the presence of C 12 : 0 aldehyde and the feature with an equivalent chain-length of 10.928 could not be confirmed in this study but were previously reported as components in V. ponticus by Macián et al. (2004) .
Genotyping of the novel strains was conducted by rep-PCR as described previously (Gomez-Gil et al., 2004) . Briefly, DNA of the strains was extracted with a commercial kit (Wizard Genomic DNA purification kit; Promega) according to the manufacturer's instructions. The DNA concentration was adjusted to 50 ng ml 21 and amplified with the GTG 5 primer (GTGGTGGTGGTG). The amplification products were electrophoretically resolved (1.5 % 20620 cm agarose gel for 15 h at 55 V in 16TAE buffer at 4-8 u C) and the resulting bands were analysed with GelCompar II software (v4.5, Applied Maths). The similarity matrix was calculated with the Jaccard coefficient (Kosman & Leonard, 2005) with a band position tolerance of 0.8 %; the dendrogram was constructed with the Ward algorithm. The results showed genomic heterogeneity among the strains analysed (Fig. S4) ; the three strains from America grouped together, the two strains isolated in Andalucía (CAIM 1836 and CAIM 1834) also formed a group and the three strains from Catalonia (CAIM 1831 T , CAIM 1832 and CAIM 1833) showed a very tight cluster.
The 16S rRNA gene was amplified with universal primers (27F, AGAGTTTGATCMTGGCTCAG; 1491R, TACGGY-TACCTTGTTACGACTT) to obtain an almost complete sequence (.1450 bp). The amplification program was one cycle at 94 u C for 2 min, 35 cycles at 94 u C for 1 min, 56 u C for 1 min, 72 u C for 1 min; and one final extension cycle at 72 u C for 5 min. PCR purification and sequencing was done at Macrogen Inc. (Korea). The identification of phylogenetic neighbours was initially carried out by the BLAST (Altschul et al., 1997) and megaBLAST (Zhang et al., 2000) programs against the database of type strains with validly published prokaryotic names (Chun et al., 2007) . The 50 sequences with the highest scores were then selected for the calculation of pairwise sequence similarity using a global alignment algorithm, which was implemented at the EzTaxon server (http://www.eztaxon.org/; Chun et al., 2007) . The 16S rRNA gene sequences placed these isolates as belonging to the genus Vibrio with V. ponticus (98.2-98.3 % gene sequence similarity, based on eight sequences), V. furnissii (97.2-97.3 %) and V. fluvialis (96.9-97.1 %) as the closest phylogenetic species (Fig. 1) . The maximum difference found between the eight strains of the putative novel species analysed was 0.00078 base substitutions per site (Jukes-Cantor model with a rate variation among sites modelled with a gamma distribution of 0.05), evolutionary analyses were conducted in MEGA5 (Tamura et al., 2011) . Multilocus sequence analysis (MLSA) was carried out as described previously Thompson et al., 2007) by obtaining the gene sequences of the DNA gyrase subunit B (gyrB), uridylate kinase (pyrH), recombinant protein RecA (recA), DNA topoisomerase I (topA) and 16S rRNA (GenBank accession numbers are presented in Table  S1 ). The partial sequences of these five genes were trimmed to a common length for all and then were concatenated to achieve a final length of 3100 bp. In total, eight strains of the proposed novel species and eight closely related Vibrio species were analysed. The MLSA analysis clearly separates the strains of the proposed novel species from all other species of the genus Vibrio analysed (Fig. 2) . In this analysis, the novel strains seemed closer to the type strains of V. orientalis or V. hepatarius than to V. ponticus, but the 16 S rRNA gene sequence similarity with these two species was lower, 97.04 % and 97.00 %, respectively. When a dendrogram Moller's arginine dihydrolase 2 2 + + + +* + +* GelatinaseD 2 2 + + + +* + + CitrateD 2 + + + + +* + + Growth at/in: 8 % NaCl 2 + + + + + 2 V 10 % NaCl 2 2 + + 2 2 2 2 40 uC 2 2 + + 2 2 + 2 Susceptibility to 0/129 (150 mg) + +* 2 2 +* +* 2 2
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was constructed with the sequences of each gene separately, the same clear differentiation was obtained (Figs S5, S6 and S7) . With the 16S rRNA, pyrH, topA and the concatenated genes, the eight strains of the proposed novel species could even be separated according to their geographical origin (Figs 1, 2, S5 and S7, and Fig. 2 , respectively).
The DNA G+C mol% and DT m were estimated by the method described previously and that has already been adopted for new species descriptions (Gomez-Gil et al., 2011; Chimetto et al., 2011) . Briefly, the G+C mol% of the DNA was estimated by thermal denaturation of DNA in 0.16 SSC (standard saline citrate buffer) and SYBR Green I (SG I, Invitrogen) 1 : 100 000. The denaturation ramp proceeded in the step and hold mode in the ABI 7500 Real-time PCR platform (Applied Biosystems) mode, at 0.2 uC s 21 and the fluorescence decay was measured at each 12 s step (0.2 u C), between 25 and 99.8 u C. The assay was performed at least twice for each strain. The T m was obtained with the aid of the ABI 7500 software v.2.0.1 (Applied Biosystems) and plotted against the standard curve y515617 T m -77841. For DT m experiments, test and reference DNAs in 0.16 SSC were hybridized in an ABI 9700 thermal cycler (Applied Biosystems). The program consisted of 10 min denaturation at 99 u C, followed by 8 h at the optimal renaturation temperature [T or 50.51 (%G+C)+47.0], according to De Ley et al. (1970) . Cooling was carried out by decreasing by 10 u C from the initial T or over 1 h down to 25 u C. In a second stage, SG I was added (final concentration 1 : 100 000) and the labelled mixture was denatured using the ABI 7500. Melting was carried out using the same temperature ramp as that employed for DNA G+C mol% estimation. The melting temperature T m was obtained as the temperature corresponding to a 50 % decrease in fluorescence. The difference between the hybrid and reference DNA T m provided the DT m (Figs S8 to S14). The DNA G+C mol% values calculated were 44.5 % (mean T m 578.37, SE 50.31) for strain CAIM 1831 T , 45.1 % (mean T m 578.06, SE50.52) for strain CAIM 1294 and 43.5 % (mean T m 577.50, SE50.63) for strain CAIM 1835. The DNA G+C mol% content for V. furnissii CAIM 518
T was also calculated as a control for the methodology; the value obtained was 50.6 % (mean T m 582.25, SE50.37), a value very similar to 50.4 % that was estimated by a similar methodology that calculated the T m by absorbance changes (Brenner et al., 1983) .
The mean DT m values obtained between the strains of the putative novel species and the closest phylogenetic species were all above 6.00 u C. The value between strain CAIM 1831 T and V. ponticus CAIM 1731 T (Fig. S8 ) was 6.79 u C (0.31 SE), and it was 7.50 u C (1.17 SE) with V. furnissii CAIM 518
T (Fig. S9 ) and 6.00 u C with V. fluvialis CAIM 593 T (Fig. S10) . The mean DT m values between some of the strains of the putative novel species fell below 2.35 u C; for example, 1.45 u C (0.10 SE) between strains CAIM 1831 T and CAIM 1835 (Fig. S11 ), 1.44 u C (1.01 SE) between strains CAIM 1831 T and CAIM 1294 (Fig. S12 ) and 1.79 u C (0.65 SE) between strains CAIM 1835 and CAIM 1294 (Fig.  S13) . As a control, the DT m for the type strains of V. furnissii and V. fluvialis was also calculated and a mean value of 9.28 u C (0.78 SE) was obtained (Fig. S14 ). All these values fall well outside the 'grey zone' (between 4 and 5 u C DT m ) established recently by Moreira et al. (2011) that enables species to be clearly distinguished. A DT m value of less than~2 u C corresponds to a DNA-DNA relatedness of more than 81 %, whereas DT m values higher than 5 u C correspond to less than 59 % DNA-DNA relatedness (Gonzalez & Saiz-Jimenez, 2005; Moreira et al., 2011) . A DT m above 5 uC has been recommended as the cut-off level for species delineation (Rosselló -Mora & Amann, 2001; Tindall et al., 2010; Wayne et al., 1987) .
The phenotypic and genotypic data presented here, clearly place the novel strains from marine organisms as a coherent group within the genus Vibrio, for which we propose the name Vibrio alfacsensis sp. nov.
Description of Vibrio alfacsensis sp. nov.
Vibrio alfacsensis (al.fac.sen9sis. N.L. masc. adj. alfacsensis of or belonging to the Alfacs bay, Catalonia, Spain).
Gram-negative-staining, motile coccobacilli that are oxidase and catalase-positive and facultatively anaerobic. Cells have a mean length of 2.09 mm (SD50.581, n560) and mean width of 0.86 mm (SD50.210, n560). Able to grow in 0.5-7.0 % (w/v) NaCl, with optimal growth at 2.5 to 5.0 % (w/v) NaCl. Able to grow at 8 u C (except for strains CAIM 1835 and CAIM 1836), 20, 30 and 37 u C, but not at 40 u C; the optimal temperature is 30-37 u C. The pH range is between 5.0 and 10.0; optimal pH is between 7.0 and 9.0. Sensitive to the vibriostatic agent 0/129 at 10 and 150 mg. Moller's arginine dehydrolase-negative, lysine and ornithine decarboxylase variable. The DNA G+C contents range between 43.5 and 45.1 mol%. In API 20E, positive result for production of bgalactosidase (ONPG) and indole, arginine dihydrolase, Table S1 .
glucose and utilization of amygdalin. Weak result for utilization of tryptophan deaminase; negative result for utilization of citrate, H 2 S production, gelatinase and urease (except for strain CAIM 1836). Negative result for utilization of inositol, sorbitol, L-rhamnose and L-arabinose; variable results for lysine and ornithine decarboxylase, acetoin and NO 2 production and for utilization of mannitol, sucrose and melibiose. API ZYM tests show positive results for the production of leucine arylamidase, trypsin and acid phosphatase, but a negative result for esterase (C4, except strain CAIM 1831 
